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Abstract: - Reconfigurable sensing antenna (RSA) is an emerging concept in antenna area. This 
paper presents the operation principle of RSA and briefly reviews the recent developments in this 
topic, and various antenna examples will be presented, such as patch antennas and cavity slot 
antennas. Due to the passive and low cost features, the RSA finds promising applications in 
wireless sensing systems. 
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Antenna Development 


L Static antennas 





e Radiation characteristics are fixed. | 

e Various designs: compact, wideband, high gain .. .( 
ld Dynamic antennas (passive) 

e Radiation characteristics are flexible. 


e Phased arrays, reconfigurable antennas. 





[d Dynamic antennas (active) 


* Intelligent radiation depending on antenna environment. 


¢ Today topic: reconfigurable sensing antennas (RSA). 





Background: RFID and WSN 





Wireless sensor network 
Radio frequency 


identification 





Up to 50 field units can 
communicate with each 
base radio! 








Remarks: 
* Wireless identification + wireless sensing 
e Large scale deployment: low cost and passive nodes 





— Wireless Identification + Sensing 





Traditional Approach 


e Traditional architecture: CPU, 
sensor, RF interface, antenna. 


e ID information are stored in 
ROM. 


** Active node: need battery. 
* High cost. 







e New architecture: IC, sensor, 
antenna. 


* [he sensor directly reconfigures 
the antenna's radiation (RSA). 


Sensor % Passive node: no battery. 
Transponder chip «e Low cost 
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RSA Components 





Integrated circuit (IC): 
* [D & key information. 


Incident Scattered EM Wave ? Low power consumption: 
EM Wave (IC & Sensor 
information) - l 8 dBm. 


e Low cost: < 10 cents 


Physical sensor: 

* Temperature, pressure ... 
¢ RF response: R, C, €.... 

¢ Form: lumped, distributed 





Antenna Sensor 


Antenna: 
* Collect power & scatter wave under the control of IC & sensors. 
* Form: dipole, loop, microstrip patch ... 

e Effective integration of the antenna with the IC and sensor. 





RSA Operation Principle 


Environmental Antenna ID & RCS 
Conditions signature 
















































































The novelty and challenge of the RSA: 


* Wave function: effective receive and transmit of RF signals; 


e Sensor function: environmental variation => sensitive RCS change. 





Advantages of RSA 


e Passive device: 
— No battery needed 
— Lifetime operation 
e Low cost unit: 
— No CPU, no A/D converter 
— Low cost IC chip & antenna design 
— Low system maintenance cost 
e More features: 
— No interferences to other RF channels 
— A variety of sensors for integration 





The RSA could enable an economic deployment of 
large-scale W i reiess SenSOr Networks. 
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Impedance: ) 


Configuration of basic antenna design 


A dipole with a matching loop printed on a 
FR4 substrate (er = 4.4, h = Imm, tan (0) — 
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The antenna has a good conjugate match. 
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RSA with Thermal Switch 








» Two classes: common ON (short) and OFF (open). 
» Threshold: from 30 to 90 C at every 5 C in each class. 
» Aswitch with class ON and 40 C threshold temperature is 


chosen. 


~~ > Simple structure, short response time, reversible ability. 
VÁ 


Thermal Switch 





Antenna with thermal switches added at the middle of 
(a) I-match loop; (b) left and right arms 





RSA Design: Experiments 
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= = Short, meas 
= Open, HFSS 
==: Open, meas 
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HDPE-BST Sensing Antenna 





Characteristic of HDPE-BST 
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HDPE-BST: 
High-density polyethylene Ba, ,Sr, 7 TiO, 


Solid material & light weight 
Relative permittivity depends on 
temperature 





HDPE-BST Sensing Antenna 





1.524mm 
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Remarks: 


¢ Read range is 4.2 m at room temperature. 
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Definition Of Sensitivity 


T1 T2 





Narrow band 


Sensitivities: 


— —- Wide band 


* High gain 


Realized gain 


* Large Af/AT 


* Narrow bandwidth 





Frequency 


Methods of Improving Sensitivity: 
-Temperature sensitive material selection = Sensing mechanism 





-Antenna & sensor unit integration = Antenna structure selection 


HDPE-BST design | -3.8 dB 8MHz/10°C 








Rectangular 
Cavity 





Tunable Cavity Resonator 














— 
N 
d 
e 
E 
o 
H 
+ 
S 
c 
e 
o 
un 
o 
- 






































Applications: filter, oscillator, etc. 


Feature: High Q 


ho p a | 





3mm variable 


Slot antenna 
t 





PTFE Based Sensing Antenna 





Characteristics of PTFE PTFE based Sensing Antenna 
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Temperature (?C) 


Polytetrafluoroethylene (PTFE): a solid 





material has a thermal expansion of 
140ppm/°C 104mm 5.81mm 0.09mm 














Remarks: 


e Read range is more than 10 m. 
* 40MHZ/10*C frequency shift. 
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=9= simulatioin 

-6€- |st measurement 
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Sensitivity Comparison 





TI T2 — Narrow band 
— Wide band Design Goals: 


e Large Af/AT 


Realized gain 


* High gain 





* Narrow bandwidth 
Frequency 


Electrical property Thermal property 
Patch antenna Cavity slot antenna 
Gain -3.8dB 4.17dB 


Af/AT 8 MHz/10 degrees 40 MHz/10 degrees 
Bandwidth 0.6% 0.66% 














CONCLUSIONS 


The RSA concept, components, 
operation principle. 


Typical RSA designs: lumped 
thermal switches, distributed 
HDPE-BST substrate. 





Methods of improving sensitivity: 
Sensing materials and mechanism, 
Antenna forms. 


Low cost & passive > economic 
deployment of large scale WSN. 





